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MALATHION RESISTANCE IN MOSQUITOES FROM
CHARLESTON AND GEORGETOWN COUNTIES OF
COASTAL SOUTH CAROLINA
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ABSTRACT. Susceptibility tests were conducted using the World Health Organization diagnostic test
procedure on strains of Aedes taeniorhynchus, Aedes sollicitans, Aedes vexans, and Culex nigripalpus
iollected from several localities in Charleston and Georgetown counties of South Carolina. Aedes tae'
niorhynchus was resistant to malathion (mortality 1.0-54.4o/o) but not to propoxur, permethrin, or feni-
trothion. There also were indication s lhat Ae. sollicitans and Cx. nigipalpus were resistant to malathion,
but to a lesser extent than Ae. neniorhynchus (mortalities: 72.1-8l.Oo/o, and 46.20/o,tespeclively). Aedes
vexans was susceptible to malathion (mortality 98.60/o). In field tests using ULV application of malathion
and field-collected Ae. taeniorhynchus, and susceptible Ae. aegypti and Ae. taeniorhynchus, a noticeably
lower mortality also was obtained in the wild mosquitoes.
INTRODUCTION
The black saltmarsh mosquito, Aedes taenio-
rhynchus (Wied.), and the eastern saltmarsh
mosquito, Aedes sollicitans (Walker), are Ihe 2
most important pest mosquitoes in coastal South
Carolina. In Charleston County, SC, 53.8-79.30/o
of all mosquitoes trapped from 1985 to l99l
constituted these 2 species, with Ae. taeniorhyn-
chus being the more numerous. The 2 species
constituted a major part of light-trap samples in
coastal areas of Georgetown County. In addition
to being troublesome pests, the saltmarsh mos-
quitoes are known to be potential vectors ofar-
boviruses and nematode parasites of man and
other vertebrates (Tidwell et al. 1984, Nayar
1985). Mosquito control efforts in coastal coun-
ties of the state are, therefore, directed mainly at
the 2 saltmarsh mosquitoes.
Aedes taeniorhynchus ar'd Ae. sollicitans are
prone to develop resistance to organochlorine
insecticides and to malathion (Gahan et al. 1956,
1966). The present work was conducted after an
incidental test performed in 1990 suggested the
presence of malathion resistance in Ae. taenio-
rhynchus collected from the grounds ofThe In-
ternational Center for Public Health Research of
the University of South Carolina (The Wedge),
Charleston County, SC. Mosquito control agen-
cies in Charleston and Georgetown counties had
suspected control failure in recent years.
Although Charleston County Mosquito Abate-
ment Program (CCMAP) has used malathion as
an adulticide since 1962, The Wedge is in one
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ofthe least treated areas ofthe county. Malathion
has also been used extensively as an adulticide
in Georgetown County, which lies just north of
Charleston County. Resistance tests using mal-
athion and other insecticides were performed on
mosquitoes obtained from the 2 counties. To
assess the association of resistance detected by
laboratory assay with the field performance of
malathion, preliminary field assays were con-
ducted using ground ULV application of the in-
secticide directed at caged mosquitoes.
MATERIALS AND METHODS
In Charleston County, mosquito larvae and
pupae were collected from the city of Charleston,
from 3 coastal locations south of the city (James
Island, Folly Beach, and Edisto Beach at ca. 6,
13, and 38 km from the city, respectively), and
from 2 barrier islands (Sullivans Island and Isle
of Palms) off the town of Mount Pleasant, just
east of the city. In Georgetown County, larvae
and pupae were obtained from the city of
Georgetown, and wedgefield Plantation and
Litchfield (ca. 8 km N and 32 km NE ofthe town,
respectively). At The Wedge, instead of imma-
ture mosquitoes, females attracted to humans
were collected with aspirators.
Field-collected larvae and pupae were reared
to the adult stage at The Wedge and the females
were tested for susceptibility/resistance to insec-
ticides using the World Health Organization
(WHO) diagnostic test procedure and materials
(World Health Organization I 98 I ). In this WHO
procedure, ca. 25 fernale mosquitoes are kept,
usually for I h, in a tube lined with paper im-
pregnated with a diagnostic concentration ofthe
insecticide. Mortalities are scored 24 h postex-
posure. Papers impregnated with 50/0 malathion
obtained from WHO and with l0lo fenitrothion,
0.lolo propoxur, and O.25o/o permethrin obtained
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Table 1. Resistance to malathion of adult female Aedes taeniorhynchus from 6 localities in
Charleston County, SC, determined by the World Health Organization (l9Sl) diagnostic test
procedure during I 99 l'.
Locality
Number
Exposed/ of rep- Number o/o mortality
control licates tested + SE2
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Test
month
Charleston
Edisto Beach
Folly Beach
Isle of Palms
Sullivans Island
The Wedge
May
July
August
May
August
May
July
October
August
September
June
September
June
Exposed
Control
Exposed
Control
Exposed
Control
Exposed
Control
Exposed
Control
Exposed
Control
Exposed
Control
Exposed
Control
Exposed
Control
Exposed
Control
Exposed
Control
Exposed
Control
Exposed
Control
26 .2  +  3 .7
4 .3  +  1 .9
7.9 + 2.5
3.9 + 2.2
2 .9  +  t . 6
15.7 + 3.6
53.2 + 4.6
1 1 . 3  +  3 . 0
10.6 + 2.8
6 .1  +  2 .4
20.9 + 3.2
4 .8  +  1 .9
19 .5  +  4 .3
2.0 + 2.0
22.0 + 3.8
0.0 + 0.0
0.9 + 0.9
0.0 + 0.0
54.4 + 5.2
0.0 + 0.0
7 .1  +  6 .7
6.7 + 6.4
23.8 + 4.8
0.0 + 0.0
29.2 + 3.7
7 . t  +  2 .3
7
5
5
J
5
4
6
5
5
4
7
6
4
2
5
4
5
4
4
4
I
I
t4 l
I  l 6
l l4
77
l l 6
r02
l  l 8
I  l 5
t25
99
1 5 8
r26
87
49
I  l 8
1 0 1
t12
87
92
92
l 5
l 5
80
86
1 5 5
127
4
4
6
5
I The September test at The Wedge was done in 1990.I Exposure mortalities were corected using Abbott's formula when appropriate (World Health Organization lggl).
from the U.S. Army Environmental Hygiene
Agency (USAEHA), prepared according to WHO
diagnostic dose prescriptions (B. C. Zeichner,
personal communication, 1989), were used in
this study.
Adults obtained from field-collected imma-
tures were tested for their response to insecti-
cides, irrespective of the species to which they
belonged. Aedes taeniorhynchus was, by far, the
most common and abundant mosquito encoun-
tered. The inland floodwater mosquito Aedes
vexans (Meigen), and, Culex nigripalpus Theo-
bald were also encountered and tested, as was
Ae. sollicitans, which was collected at The Wedge.
In addition, mosquitoes from insecticide-suscep-
tible strains of Aedes aegypti (Linn.) and. Ae. tae-
niorhynchus were tested occasionally, to ensure
the potency of insecticide-impregnated papers.
Both strains originated (the former in l98l and
the latter in 1990) from the Medical and Vet-
erinary Entomology Research Lab, Agricultural
Research Service, Gainesville, Florida. Mortal-
ities were corrected using Abbott's formula(World Health Organization 1981) when control
mortalities were between 5 and.2oo/o.
The room temperature at the time of exposure
was23-29oC. The usual temperature was ca. 25oC.
The relative humidity varied from 6l to 870/0,
but was predominantly ca. 70o/o. The minimum
and maximum temperature ranges during the
24-h postexposure holding periods werc 24.O-
26.O"C, and 23.O-27 .5"C, respectively.
Field tests of mosquito adulticides were car-
ried out at Georgetown County Airport. An east-
west taxiway at the airport served as the truck
route for ground ULV applications. On either
side of the taxiway are large fields in which 3
rows of stakes, 25 m apart, were arranged at a
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Table 2. Resistance to malathion of adult female Aedes taeniorhynchus from 6 localities in
Charleston County, SC, determined by the World Health Organization (1981) diagnostic test
Procedure during 1992.
Locality
Number
Exposed/ of rep- Number o/0 mortality
control licates tested + SE'
Test
month
Charleston
Edisto Beach
Folly Beach
Isle of Palms
James Island
Sullivans Island
July
September
JulY
August
October
August
October
October
September
Exposed
Control
Exposed
Control
Exposed
Control
Exposed
Control
Exposed
Control
Exposed
Control
Exposed
Control
Exposed
Control
Exposed
Control
16.9 + 4.3
2.0 !  2 .0
5.6 + 2.3
5.9 + 2.3
1 . 0  +  1 . 0
0.0 + 0.0
18 .8  +  3 .2
0.0 + 0.0
3 .6  +  1 .6
1 . 0  +  1 . 0
13 .9  +  3 .9
1 .0  +  1 .0
12.5 + 3.2
4 .0  +  1 .9
2 . 1  +  1 . 4
2.O + 1.4
t 6 . l  +  3 . 7
12.8 + 3.4
J
2
77
49
99
t02
t02
86
t49
1 1 8
r 3 9
97
79
102
r20
1 0 1
97
98
97
94
4
4
4
4
6
5
6
.+
4
4
5
4
4
4
4
I Exposure mortalities were corrected using Abbott's formula when appropriate (World Health Organization l98l).
90o angle to the direction ofthe taxiway. In each
row, single stakes were put up at 50, 100, 150,
and 200 m from the taxiway. One row had an
additional stake at 250 m. Each stake ended in
a polyvinyl chloride (PVC) "T" top on which
cages of mosquitoes were suspended, about 1.5
m above the ground. Mosquitoes used in these
assays included colony and wild Ae. taeniorhyn'
chus and colony Ae. aegypti.
Malathion (910/o AI) was applied from a truck-
mounted Leco 500 ULV machine. Application
rates ranged from 36.5 to 58.5 ml/ha. The higher
rates were used after noting that the lower rates
resulted in unexpectedly low mortalities of wild
Ae. taeniorhynchus. Vehicle speed was main-
tained at 8 kph by marking off the truck route
in 15.2-m intervals and using a timing sheet to
indicate the cumulative number of seconds as
flags were passed.
Ground and air temperature as well as winc
speed and direction were monitored until con-
ditions were satisfactory for application (wind
speed ca. 4.8-16 kph, wind direction no more
than 30o ofthe right angle to the taxiway, and
ground temperature no greater than 3'C from air
temperature). Wind speed and direction were also
monitored once a minute during application and
for 5 min after completion. Temperature was
recorded within the top 2 cm of soil and just
above nozzle height. Relative humidity was also
recorded. A long wait was often necessary in the
field for conditions to be right for spray appli-
cation. As a result, spraying was done in the hours
1855-0012. The following microclimatic con-
ditions were recorded in July 199 l, August 199 l,
August 1992, ar'd October 1992, respectively:
ground temperature 29 .O, 29 .5 , 2l .0 , 26 .0'C; air
temperature 27 .5 ,28.5 , 25 .O,23 .OC; relative hu-
midity 87, 76, 83, 74o/o; minimum and maxi-
mum temperature during 24 h postexposure
holding perio d 2 5 .0, 24. 5, 22.0, 23.0o C, and 27 .0'
26.0, 27 .0, 24.O'C, respectivelY.
Droplet size was monitored with slides mount-
ed on spinners placed at 50 m and 100 m at a
right angle to the truck path (Sofield and Kent
1984). Two hundred drops from each distance
were measured. Droplet size at 8 m from the
sprayer was determined to be of average mass
median diameter (MMD) of 14. I pm by 8 mea-
surements made at various times previously.
Wild and colony Ae. taeniorhynchus a d col-
ony Ae. aegypti were used in the field experi-
ments. Exposure cages consisted of PVC cylin-
ders (10.2 cm diam, 3.8 cm deep) covered on
both ends with nylon tulle. About 25 female
mosquitoes were aspirated into the cages. If mos-
quitoes were held overnight, polyester fiber balls
lightly soaked with 5olo sugar solution were placed
on the tops of the cages. Four cages were nor-
mally used at each distance from the spray path
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Table 3. Resistance/susceptibility to malathion of adult female Aedes taeniorhynchus (TAEN)
and Aedes vexans (VEX) from 3 localities in Georgetown County, and Aedes sollicitans (SOL)
and Culex nigripalpus (NGR) from 2 localities in Charleston County, SC, determined by the
World Health Organization (1981) diagnostic test method from 1990 to 1992.
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Locality
Test
date Species
Number
Exposed/ of rep- Number o/o mortality
control licates tested + SEt
Wedgefield
Litchfield
Georgetown
The Wedge
Folly Beach
Oct. 1990
Oct .  1990
Oct.1992
July 1991
June l99l
June 1993
July 1993
Oct .1992
VEX
TAEN
TAEN
TAEN
SOL
NGR
Exposed
Control
Exposed
Control
Exposed
Control
Exposed
Control
Exposed
Control
Exposed
Control
Exposed
Control
Exposed
Control
98 .6  +  1 .4
0.0 + 0.0
16.7 + 3.8
4.2 + 2.O
5 . 7  +  2 . 1
3 .0  +  1 .7
10 .9  +  3 .1
3 . t  +  t . 7
75 .8  +  5 .4
9 .8  +  3 .1
8 1 . 0  +  3 . 3
7 .5  +  2 .3
72 . t  +  3 .8
7.9 + 2.4
46.2 + 4.6
2 . t  +  t - 5
J
J
4
5
+
5
5
4
4
6
5
6
5
5
4
70
63
96
95
124
l 0 l
l 0 l
98
64
92
t42
1 3 3
140
t26
l l 9
94
' Exposure mortalities were corrected using Abbott's formula when appropriate (World Health Organization 1981).
with one cage per stake on the 2 outside rows
and 2 cages per stake on the middle row and at
250 m. Four control cages were suspended up-
wind ofthe spray path. After spraying, the cages
were left on the stakes for 15 min. They were
then transferred to holding cages (half-pint paper
cartons covered with nylon tulle) and provided
with polyester fiber balls soaked in 5olo sugar so-
lution. The cages were held in moist-towel-lined
ice chests for 24 h postexposure, when mortality
counts were made, The minimum and maximum
temperature within the ice chest during the hold-
ing period was recorded. Exposure mortalities
were corrected as necessary using Abbott's for-
mula (World Health Organization l98l).
RESULTS
Mortality data obtained in 1990 and l99l by
exposing le. t ae nior hync hzs from several local-
ities in Charleston County, SC, to the diagnostic
dose of 50/o malathion are presented in Table l.
Mortalities of exposed mosquitoes ranged from
a very low O.9 to 54-4o/o. It was expected that all
exposed mosquitoes would be killed if the pop-
ulations were totally susceptible. In addition, in
1990 and 1991, 300 and 224 specimens of mal-
athion-susceptible colony Ae. aegypti and Ae.
taeniorhvnchuJ, respectively, were tested on sev-
eral occasions, using the same impregnated pa-
pers as for wild Ae. taeniorhynchus. All of these
susceptible mosquitoes were killed, whereas con-
trol mortalities ranged from 0.0 to 10.60/0, well
within the permissible limit of 200lo (World Health
Organization 1981). Thus the Ae. taeniorhynchus
populations from Charleston County had rela-
tively high levels of resistance to malathion.
Table 2 portrays data from susceptibility tests
done during 1992 using Ae. taeniorhynchus. Ex-
posure mortalities were from 1.0 to 18.80/o; lower
than in 1990-9 l. All 27 6 colony Ae. taeniorhyn-
chus and 149 colony Ae. aegypti tested this year
were killed following exposure to 5olo malathion-
impregnated papers used in testing the field-col-
lected mosquitoes from Charleston. Control
mortalities in 249 and 145 specimens of these 2
colony strains, respectively, ranged from 0 to
9.lo/o.
In 199 I , the overall exposure mortality in le.
taeniorhynchas from Charleston County was
23.8o/o (285/1, 196), with a control mortality of
5.20/o (51/979) (Table l). The 1992 exposure
mortality was only 12.8o/o (110/862), with a con-
trol mortality of 3.3o/o (25/749) (Table 2). The
hypothesis that the 1992 exposure mortality is
significantly lower than that of 1991 was sup-
ported by a statistical test (12, : 26.7 1, P <
0.001). Exposure mortalities were corrected us-
ing Abbott's formula (World Health Organiza-
tion I 98 l). in order to account for the difference
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Table 4. Susceptibility of Aedes taeniorhynchus females from 4 localities of Charleston County
and from Litchfield Beach in Georgetown County, SC, to fenitrothion, permethrin, and propoxur,
determined by the World Health Organization (1981) diagnostic test procedure in 1992.
Locality
Number
Exposed/ of rep- Number
control licates tested o/o mortality t SE
Test
month
Sullivans Island
Isle of Palms
Folly Beach
Edisto Beach
Folly Beach
Litchfield Beach
Edisto Beach
Folly Beach
James Island
Sept.
Aug.
Aug.
Sept.
Oct.
Oct.
Sept.
Oct.
Oct.
99
94
97
100
t02
98
Fenitrothion (lolo)
Exposed 4
Control 4
Exposed 4
Control 4
Exposed 6
Control 6
Permethrin (0.25o/o)
t02
98
92
99
148
t4l
l 0 r
100
99
97
102
l 0 l
100.0 + 0.0
17.4 + 3.8
9 8 . 9  +  1 . 1
3 .0  +  1 .7
100.0 r  0.0
0.7 + 0.7
r00.0
4.0
100.0
r  0 .3
r00.0
4.O
100.0 + 0.0
9.6 + 3.0
100.0 + 0.0
1 . 0  +  1 . 0
100.0 + 0.0
1 . 0  +  1 . 0
Exposed
Control
Exposed
Control
Exposed
Control
Propoxur (0.1olo)
Exposed
Control
Exposed
Control
Exposed
Control
4
4
4
4
4
4
^
4
4
4
4
4
+ 0.0
+ 2.0
+ 0.0
+  3 . 1
+ 0.0
+ 2.0
in control mortalities between the 2 years, before
the data were submitted to the statistical test.
Data pertaining to The Wedge and James Island
were excluded from the statistically analyzed set
because neither location was sampled in both
years.
Data on the susceptibl\ty of Ae. taeniorhyn-
chus and Ae. vexans from Georgetown County,
and Cx. nigripalpus and Ae. sollicitans from
Charleston County are presented in Table 3. The
single test on Ae. vexans indicated that the pop-
ulation from Wedgefield was susceptible. How-
ever, the Ae. taeniorhynchus populations were
highly resistant to malathion. The 46.20/o mor-
tality in Cx. nigripalpzs from Folly Beach indi-
cated that this population had substantial resis-
tance also. Tl;le Ae. sollicitans populations from
The Wedge also appear to have had some resis-
tance to malathion.
Further tests were done to determine if the Ae.
taeniorhynchzs populations were cross-resistant
to the carbamate, propoxur; the organophos-
phate, fenitrothion; and the pyrethroid, per-
methrin. The populations from the various lo-
calities were sensitive to all 3 insecticides (Table
41.
Results of ground ULV application of mala-
thion against field-collected and colony mosqui-
toes are given in Tables 5-8. The applications
were made in nearly ideal conditions that are
seldom encountered in actual mosquito control
operations. In addition, the application rates were
relatively high, with that in Table 7 being over
the maximum label rate of 62.1 ml/min. Com-
plete mortality of susceptible Ae. aegypti and Ae.
taeniorhynchn was obtained up to 250 m (Ta-
bles 5-8). Less than 1000/o of the wild Ae. tae-
niorhynchus were killed, however, even at the
closest distance of 50 m. The low mortalities of
Ae. taeniorhynchus from Folly Beach and James
Island (Tables 7 and 8) are especially discon-
certing. Although there is no obvious correlation
between mortalities of laboratory and field bio-
assays, the James Island population of Ae. tae-
niorhynchus was among the least sensitive to
malathion in both WHO susceptibility tests and
field assays.
DISCUSSION
This study showed that malathion resistance
in Ae. taeniorhynchus is probably widespread in
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Table 5. Results of a ground ULV
application of malathion (44.4 ml/min or 36.5
ml/ha) against caged Aedes taeniorhynchus
collected from Charleston City and Folly
Beach, Charleston County, and the town of
Georgetown, Georgetown County, SC, as well
as Aedes aegypti from the colony at The
Wedge (July 1991)' .
Truck- Insecticide-
to-cage to-cage
distance distance Number
(m) (m)2.:.+ exposed
Charleston
Table 6. Results of a ground ULV
application of malathion (44.4 mUrr^in or 36.5
ml/ha) against caged Aedes taeniorhynchus
collected from Isle of Palms, SC (August
I  gg  l ) ' .
Insecti-
Truck- cide-to-
to-cage cage
distance distance
(m) (m)z: a
Number Mortality
exposeds (o/o)u
Mortality
(o/o) 52.5105 .0
t 5 7 . 5
209.9
262.5
NA
1 0 1
103
50
t00
85 .3
49.8
50
100
1 5 0
Control
50
100
Control
50
100
1 5 0
Control
50
100
Control
55 .0
I  1 0 . 1
1  6 5 . 1
NA
Folly
55 .0
1  1 0 . 1
NA
96.4
80.9
87 .5
4.9
96.7
9 1 . 5
1 . 6
r00.0
r00.0
r00.0
0.0
92.7
94.1
0.0
1 5 0
200
250
Control
84
68
80
4 l
Beach
60
59
63
er (25) 1.e.4
92 (24) 3.0
69 2.0
85 (23) 5.e
NA 34
'  Based on a 90-m swath width.
2 Average wind speed was 2.2 kph.
3 Insecticide path distance calculated on the basis ofthe angle
ofthe wind to the rows ofcages.
a Droplet mass median diameter: at 55 m - 15.4 rm: at 100
m - 7 . 5  p m .
coastal areas of Charleston and Georgetown
counties. SC. where the insecticide has been used
for a long time. What is more, the resistance
appears to have increased over the duration of
the study. According to the criteria for inter-
preting WHO diagnostic test results (Davidson
and Zahar 1973, World Health Organization
1986), if mortalities in test mosquitoes range be-
tween 80 and 980/0, further tests are required to
verify the presence of resistance. If such mor-
talities are less than 80o/o. however. the tested
population is considered to contain resistant in-
dividuals.
In Florida, Ae. taeniorhynchus was first found
to be resistant to malathion in 1965, l0 years
after it was introduced for mosquito control (Ga-
han et al. 1966). This delay in resistance was
attributed to a policy requiring the avoidance of
contamination ofbreeding sites, not spraying un-
' Based on 90-m swath width.
'  Average wind speed was 8.2 kph.
r Insecticide path distance calculated on the basis ofthe angle
ofthe wind to the rows ofcages.
o Droplet mass median diameter: at 50 m-5.4 pm; at 100
m-5.4  pm.
5 The numbers in parentheses represent colony Ae. laenio-
rhynchus exposed at the time. All 49 exposed mosquitoes, as
well as 4.3olo ofthe controls, were killed.
6 Exposure mortalities are conected using Abbott's fomula
(World Health Organization l98l).
inhabited areas, and limiting the frequency of
applications. Since then, populations of Ae. tae-
niorhynchus were found to have high levels of
resistance to malathion (Mount et al. 1974, Boike
et al. I 978). However, no cross-resistance to oth-
er organophosphorus insecticides, carbamates,
Table 7. Results of a ground ULV
application of malathion (68.0 ml/min or 58.5
ml/ha) against Aedes taeniorhynchus from
Folly Beach, SC, and Aedes aegypti from the
col."y "t Th" Wedg.
Insecti-
Truck- cide-to-
to-cage cage
distance distance Number Mortality
(m) (m)u':'a exposed5 (o/o)
The Wedge colony
55 .0  7  |
l  10 .1  72
1 6 5 . 1  5 9
NA 39
Georgetown
55 .0
I  1 0 . 1
4 I
t 7
5 0  5 1 . 5
100 102.0
150  154 .5
200 205.9
250 257.4
Control NA
62 (7r) 6.s (100.0)
58 (6e) r .7 (9s.7)
s9 (7 r)  8.s (97 .2)
67 (68) 3.0 (100.0)
42 (0) 0.0 (NA)
100 (46) 0.0 (0.0)
I Based on a 90-m swath width.
2 Average wind speed was I 1.0 kph.
3 Mean median diameter of malathion droplets at 50 and
100 m was 6.5 and 6.9 pm, respectively.
a This distance was calculated based on the angle ofthe wind
in relation to the rows of cages.
5 Numbers and mortalities within Darentheses refer 1o colonv
A. aegyptr.
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Truck-
to-cage
distance
(m)'
Number
exposed3 a 5
Mortality
(o/o)
Table 8. Results of a ground ULV
application of malathion (62. I ml/min or 51.1
ml/ha) against Aedes taeniorhynchus from
James Island, SC, and susceptible ledes
aegypti from The Wedge colony (October
I  992 ) ' .
in control operations (Keiding 1986). Even the
dominance ofthe resistance gene is dose-depen-
dent (Leeper et al. I 986, Roush and Croft I 986).
Theoretically, high application rates may kill even
homozygous resistants, although it is difrcult to
tell ifthis is, in fact, happening in any given field
situation. In this study, maximum label rates re-
sulted in markedly low mortalities even at the
relatively short distance of 50 m.
Continued use of an insecticide after selection
for resistance has started may lead to erosion of
the fitness deficiency of emerging resistance, thus
enabling resistance gene(s) to coadapt with ex-
isting fitness factors (Roush and Croft 1986). This
may, in turn, delay the reversion of the popu-
lation to susceptibility after the selection pres-
sure is relaxed (Keiding 1986).
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